A common property of ovine and caprine lentiviruses is their persistence in animals for years despite a strong immune response, due to the fact that they reside in an intracellular form without producing significative amounts of free viral particles (6, 9) . This low expression of lentiviruses in animals (in vivo) seems to be the consequence of an intrinsic restriction of virus replication at the cellular level (1) (2) (3) .
The in vivo restriction of virus replication can be overcome by explantation of tissues from infected sheep, which allows the cell-associated virus to initiate its extracellular production and induce cytopathic effects on the naturally infected cells, within an average period of 1 month after the beginning of explantation (6, 9) . However, we have recently observed that ovine cell cultures generated from tissue explants could be induced to produce lentiviruses after several months of cell cultivation, suggesting that the restriction of lentivirus expression can be strongly preserved in tissue culture (10) . We therefore suspected that long-term ovine cell cultures used in various laboratories worldwide could contain maedi-visna virus information in a silent form (latent form).
To activate latent lentiviruses eventually present in longterm ovine fibroblast cultures, several cell lines were treated by the following modes of induction, some of which were found to be efficient for inducing endogenous retroviruses or latent DNA herpesviruses (5, 11) : maintenance of the cells in serum-poor medium for a long period of time, treatment of the cells for 24 h with 100 ,ug of BUdR per ml or 100 mM 5-azacytidine, physical stress on the cells by successive freezings in Eagle minimal essential medium containing 30% fetal calf serum and 20% dimethyl sulfoxide as well as in Eagle minimal essential medium supplemented with 10% lamb serum thawings, coculture with heterologous rodent cells (NRK cell line), and superinfection by an exogenous persistent lentivirus such as the American strain of caprine arthritis-encephalitis virus (USA-CAEV). The cell cultures tested for the presence of lentiviruses were fetal ovine cell lines from various organs or ovine choroid plexus (OCP) fibro-* Corresponding author.
blasts established from adult animals from France, Federal Republic of Germany, Iceland, and the United States.
The success of the induction mode was monitored by the appearance of typical cytopathic effects of lentivirus replication, i.e., cell fusion and accumulation of refractile dying cells (6, 7, 9) . Table 1 shows that one American ovine fetal cornea cell line (USA-OFC,) was highly sensitive to all of the induction methods. In contrast, some cell lines were sensitive only to a particular treatment, e.g., the French cell lines F-OCP2 and F-OCP4, which were induced to produce lentiviruses only after the 5-azacytidine treatment and the repetitive freezethaw dimethyl sulfoxide method, respectively. Several cell lines were resistant to all of the induction treatments presently used. This was the case with F-OCP, cells, which we used in all of our virus production experiments. Similarly, an Icelandic cell line, ICE-OCP1, was not able to produce lentiviruses, nor were two American fetal cell lines, USA-OFC2 and ovine fetal turbinate (USA-OFTU,). However, our failure to induce viruses from these cell lines does not necessarily mean that they do not contain latent viral information.
As in the case of virus isolation from lung explants from French sheep with pneumonia, two types of viruses were induced from cell lines: those that very efficiently killed cells, such as the Icelandic visna virus strain K1514 (type I viruses), and those that caused chronic infections, such as the new type of ovine lentivirus, which we have recently isolated from ovine lung fibroblasts from a French sheep with progressive pneumonia (type II viruses) and which was found to be closely related to USA-CAEV (10).
To identify both types of viruses, analyses of their structural proteins expressed in infected cells were performed as previously described (13 Analyses of viral proteins of cells infected by persistent lentiviruses were also performed. As described previously (10) , a type II virus recently isolated from a lung explant of a sheep with pneumonia shares with type I viruses lentivirusspecific p30 antigen (lane A) but not type I-specific p16 antigen (lane A'). The antigen properties of this first ovine type II virus are also characteristic of one new persistent lentivirus, induced from the cell line F-OCP2 (lanes B and B') and characteristic of the caprine lentivirus USA-CAEV, in goat synovial membrane cells (10) and in ovine cell lines (lanes C and C'). The particular example of a type I virus induced by superinfection of USA-OFC1 cells with USA-CAEV is shown in lanes D and D' (see Table 1 ).
To confirm our classification of the induced viruses, a rapid analysis of unintegrated linear proviral DNA present in infected cells was performed by using the Southern blotting technique and type I virus-specific cDNA hybridization as previously described (10) . All of the highly lytic viruses replicate through an unintegrated proviral DNA of 9.25 kilobase pairs which is easily detectable by a type I virusspecific cDNA. Moreover, efficient hybridization of this probe to all restriction fragments generated from the complete genome of type I viruses suggests that all of the type I viruses, including Icelandic visna virus, are closely related all along their genome (data not shown). In contrast, proviral DNA of type II viruses were poorly detected by type I virusspecific cDNA, as previously described for the prototype of type II ovine maedi-visna viruses [F-OMVV-1(II)] (10). Table 2 summarizes the types of lentivirus that were induced from five latently infected long-term ovine cell cultures. We should note that four of the five cell lines gave rise to only one type of lentivirus. F-OCP5 was a unique cell line which produced both types of viruses in two independent experiments. This last result suggests that sheep may be infected by both types of virus; thus, the isolation of only one type of virus from most of the cell lines does not necessarily prove that the other type of virus was not present in those cell cultures. Further experiments in lentivirus activation should help settle this question.
The present results show that some long-term ovine fibroblast cultures obtained from various laboratories contain, in a latent form, replicative-competent lentiviruses. This in vitro phenomenon, never described previously for lentiviruses, was clearly demonstrated by activating the expression of latent viruses with inducing cell treatments and by characterizing the induced viruses. For example, one embryonic cell line (USA-OFC1) was induced many times to produce viruses under several induction treatments. In contrasts, several cell lines were not activated to produce lentiviruses, in particular, one Icelandic (ICE-OCP1) and two fetal American cell lines (USA-OFC2 and USA-OFT'U1). Our failure to isolate Icelandic virus is a priori not surprising, since maedi and visna diseases have been eradicated from Iceland for two decades (8) . Similarly, embryonic cells should be frequently virus negative, since transmission of lentiviruses has been shown to occur mainly through the milk after the birth of the kid (4, 12) . However, we should point out that cell lines which were not induced to produce virus during our assays may nevertheless contain latent lentiviruses which are not easily inducible, as previously described for endogenous retroviruses (for a review, see reference 14). More efficient treatments should be investigated to conclusively answer this question.
Long-term ovine cell cultures contain replicative-competent lentiviruses which are either highly lytic or persistent. By analyzing their protein and nucleic acid contents, we have shown that highly lytic ovine viruses [OMVV(I)] are quite similar to the Icelandic strains of visna virus and to the American strains of progressive pneumonia virus, which are the causative agents of progressive encephalitis and pneumonia. Persistent ovine viruses [OMVV(II)] are highly related to CAEV, which is responsible for the goat arthritisencephalitis syndrome, and to a persistent ovine lentivirus isolated in our laboratory from a sheep with pneumonia (10). Structurally related to pathogen agents, activated lentiviruses could be responsible for slow virus diseases. To answer this important question, experimental infections of sheep and goats with activated lentiviruses should be performed. (1-3, 7) , or whether they correspond to unrestricted viruses which replicate very slowly in long-term cell cultures.
